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Introductory  Discussion  and  the  Theory  of  Color imetry. 
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The  Use  of  a  Photoelectric  Colorimeter  for 
Deter -  ining  Small  Amounts  of  FT  orides  and  Phosp  hates. 

PART  1 

Introductory  Discussion  and  the  Theory  of  Colorimetry 
Introduction! 

The  fluorine  content  of  domestic  water  supplies  and  food  is  of  prime 
importance  in  the  investigation  of  the  effect  of  fluoride  on  the  functions 
of  the  human  body.  It  has  been  established  (7,23,24)  that  dental  fluor¬ 
osis  or  mottled  enamel  is  associated  with  the  fluorine  content  of  water. 
The  mottling  is  produced  during  the  period  in  which  the  teeth  are  de¬ 
veloping  and  calcifying  in  the  gums  (?).  The  fluorine  content  is,  there¬ 
fore,  of  some  physiological  importance.  It  has  been  shown  that  water 

JL 
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containing  over  0.9  p.p.m,  of  fluoride  causes  dental  fluorosis,  while, 
on  the  other  hand,  it  is  believed  by  some  that  if  the  fluoride  content 
is  less  than  this  amount  there  is  a  possibility  that  the  teeth  will  be 
susceptible  to  dental  caries  ( 25) • 

The  development  of  a  rapid  and  accurate  method  for  determining 
small  amounts  of  fluorides  is  needed.  This  method  should  be  applicable 
to  the  determination  of  fluorides  in  all  types  of  materials  such  as  food, 
water  supplies,  and  animal  and  plant  tissues.  Evidence  indicates  that 
dental  fluorosis  is  caused  by  the  amount  of  fluoride  ingested.  Evidence 
(l)  also  indicates  that  dental  caries  can  be  prevented,  at  least  in 
part,  by  fluorides.  The  analysis  of  fluoride  in  bones,  tissue,  and  met¬ 
abolic  wastes  is  of  great  importance  in  studying  the  nondental  effect  of 
traces  of  fluorine.  Hence  it  cannot  be  stressed  too  much  that  there  is 
a  dire  need  for  a  rapid,  accurate  and  efficient  method  for  determining 
small  amounts  of  fluorine. 

refers  to  parts  per  million  parts. 

KoteJ  The  words  "fluorine”  and  "fluoride”  are  used  inter¬ 
changeably. 
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Since  evidence  indicates  that  dental  caries  may  be  prevented, 
at  least  in  part,  by  fluorides  this  matter  has  been  the  object  of 
scientific  investigation.  Two  methods  of  supplying  the  fluoride 
have  been  suggested: 

(1)  increasing  fluoride  ingestion; 

(2)  topical  application  of  fluorides. 

The  increasing  of  fluoride  ingestion  by  its  addition  to  the  water 
supply  is  the  most  applicable  to  large  population  groups.  In  order 
to  control  this  fluoride  ingestion  to  the  optimum  amount  it  be¬ 
comes  necessary  to  know  the  amount  present  in  yrater  supplies  before 
the  addition  of  fluoride,  in  order  to  calculate  the  amount  of  fluoride 
to  be  added.  Since  the  fluoride  content  of  streams  and  rivers  varies, 
numerous  of  these  determinations  would  be  necessary  during  each  year. 
Therefore,  for  this  chemical  control,  it  is  necessary  to  have  a 
rapid,  simple,  and  accurate  method  for  determining  fluorides. 

The  analysis  for  fluoride  in  bones,  tissue  and  metabolic 
wast  s  is  of  great  importance  in  studying  the  nondental  and  dental 
effects  of trace  quantities  of  fluorine.  Both  dental  tissue  and  the 
skeletal  system  are  very  sensitive  to  fluorine  because  of  a  marked 
tendency  of  these  tissues  to  retain  fluorine.  The  investigation  of 
the  effect  of  fluorine  on  these  metabolic  processes  is  greatly  aid¬ 
ed  by  a  knowledge  of  the  fluorine  content  of  urine,  sweat,  ones, 
and  teeth.  This  brings  out  the  necessity  of  a  rapid  method  for  de¬ 
termining  fluorides  in  bones,  teeth  and  metabolic  wastes. 

The  recent  increase  in  the  use  of  fluorides  in  insectic1^08  *ias 
also  stimulated  interest  in  the  determination  of  fluorides  in  small 
quantities  in  foods.  The  United  States  Food  and  Drug  Administration 
has  placed  the  maximum  allowable  limit  for  fluorine  content  of  food 
at  1,4  p.p.m. 
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As  yet  no  reaction  has  been  reported  in  the  literature  in  which  a 
colored  substance  is  formed  by  the  direct  interaction  of  fluoride  ion 
and  some  reagent.  All  of  the  reported  colorimetric  methods  for  deter¬ 
mining  fluoride  ion  depend  upon  the bleaching  of  a  colored  compound  or 
lake  by  the  action  of  the  fluoride  ion.  This  fading  is  generally  brought 
about  by  the  formation  of  stable  complex  ions  from  fluoride  ion  and  the 
metallic  constituent  of  the  colored  compound  or  lake.  These  complexes 
are  colorless. 

The  methods  of  fluorine  determination  may  be  roughly  divided  into 
titration  methods  (3,6,33*36)  arid  visual  colorimetric  methods  based  on 
the  extent  of  fading  of  colored  compounds  or  lakes  by  fluoride  ion. 
Colorimetric  methods  based  on  the  bleaching  effect  of  fluorides  on  the 
lake  formed  by  sodium  alizarin  sulfonate  and  a  sirconyl  salt  have  been 
developed  by  benches  (2),  Elv©v©  (10)  and  Scots  (22).  ethods  have  been 
devised  which  depend  upon  the  bleaching  by  fluoride  ion  on  a  colored  fer¬ 
ric  iron  compound  ( 12, 14,35).  Okuroo  has  used  the  fading  of  an  aluminum- 
hematoxylin  lake  to  determine  the  concentration  of  fluoride  ion  (19). 

The  fading  of  a  thorium- sodium  alizarin  sulfonate  lake  has  also  been 
used  (28). 

It  has  been  known  that  sulfates  have  an  effect  on  the  sodium  ali¬ 
zarin  sulfonate-s ire oryl  nitrate  indicator  similar  to  that  of  fluorides (21) . 
Sanohis  has  modified  the  method  used  by  Thompson  and  Taylor  (30)  for  the 
determination  of  fluorides  in  sea  water  so  that  it  is  applicable  to  the 
determination  of  fluorides  in  natural  waters.  Bench is  has  added  sulfuric 
acid  to  the  indicator  reagents  to  minimize  the  effect  of  sulfates  in  nat¬ 
ural  waters. He  found  that  sulfates  do  not  interfere  unless  they  are  pre¬ 
sent  in  amounts  of  500  p.p.  .  over  above  the  amount  added  as  sulfuric  acid. 
Some  waters  are  unusually  high  in  sulfate,  however,  and  the  amounts  found 
are  often  comparable  to  those  added  as  silfuric  add.  This  gives  results 
higher  than  they  should  be. 
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The  effect  of  sulfates  on  the  lake  formed  by  zirconyl  nitrate 
and  sodium  alizarin  sulfonate  has  received  a  great  deal  of  attention 
from  Walker  and  his  co-workers  Finlay,  Gainer  and  Murphy,  Walker 
and  Finlay  (34)  found  that  the  effect  of  sulfates  is  additive,  and 
were  able  to  apply  a  correction  if  the  amount  of  sulfate  present  w-  s 
known.  Application  of  this  correction  for  sulfates  brought  the 
Sanehis  results  into  agreement  with  those  obtained  by  a  modified 
Armstrong  method  (3). 

In  this  modified  Armstrong  method  the  fluorine  is  isolated  by 
distillation  over  sulfuric  acid  and  the  amount  of  fluorine  in  the 
distillate  is  determined  by  titration  with  a  standard  thorium  nit¬ 
rate  solution,  using  sodium  alizarin  sulfonate  as  an  indicator. 

The  effect  of  sulfates  on  the  red  zirconyl  nit rate -sodium  alizarin 
lake  has  been  investigated  by  Murphy  (lb)  using  a  photoelectric 
colorimeter.  They,  also,  found  that  effect  of  sulfates  was  additive 
and  were  able  to  apply  a  correction  if  the  amount  of  sulfate  in  a 
sample  was  determined.  The  results,  they  obtained,  agreed  with  the 
visual  method  of  ?vralker  and  Finlay, 

It  is  well  known  that  phosphates  interfere  with  the  determin¬ 
ation  of  fluorides  in  all  the  reported  colorimetric  and  volumetric 
method  (8).  Most  natural  water  supplies  do  not  contain  sufficient 
phosphate  to  interfere  with  the  colorimetric  methods.  When  one  is 
determining  the  amount  of  fluoride  in  foods  and  tissues  the  inter¬ 
ference  of  phosphates  becomes  very  important  in  obtaining  an  accurate 
fluoride  determination.  Foods  and  tissues  contain  a  much  greater 
phosphate  content  than  the  average  water  supply*  In  this  research 
the  interference  of  phosphate  on  colorimetric  methods  has  been 
investigated  in  the  ho-. a  that  the  necessary  corrections  may  be  applied. 
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In  the  determination  of  fluorides  in  foods  nd  tissues  a  pre- 
li  inary  ashing  is  necessary  to  remove  the  bulk  of  the  organic  mater¬ 
ial  so  that  it  will  not  interfere  with  the  colorimetric  determination. 

The  interference  of  phosphates  can  be  eliminated  by  distilling 
with  perchloric  acid  when  organic  material  is  absent  (36).  When 
organic  material  is  present,  either  before  or  after  ashing,  it  has 
been  found  necessary  to  carry  out  two  separate  distillations  in  order 
to  separate  phosphate  and  fluoride.  The  first  distillation  is  carried 
out  with  concentrated  sulfuric  acid;  this  distillation  is  followed 
by  a  distillation  with  perchloric  acid  (8).  The  fluorine  in  the 
final  distillate  may  be  determined  by  either  the  thorium  nitrate 
titration  method  or  by  one  of  the  colorimetric  methods.  The  above 
distjtfi llations  are  very  time  consuming  and  require  special  apparatus. 

The  development  of  a  method,  for  the  determination  of  fluorides 
in  small  quantities  in  all  types  of  material,  which  is  leas  time 
consuming  than  the  above  distillation  methods  is  much  needed. 
Photoelectric  colorimetric  methods  are  rapid  nd  accurate.  They  are 
particularly  suited  for  the  cases  where  a  large  number  of  similar 
determinations  have  to  be  wbaken.  They  exclude  to  a  greater  extent 
personal  factors  and  are  generally  less  fatiguing  upon  the  worker. 
Colorimetric  methods  are  also  well  suited  for  the  determination  of 
very  small  amounts  of  a  substance. 

It  would  be  very  nice  if  a  photoelectric  colorimetric  method, 
which  did  not  have  the  aforementioned  objections  of  interfering  ions, 
could  be  developed.  The  photoelectric  colorimeter  has  been  used 
very  little  in  the  determination  of  small  amounts  of  fluorides, 
talker  and  Gainer  (32)  used  an  Evelyn  type  direct  reading  colorimeter 
( 1 1)  for  the  determination  of  fluoride  but  found  it  necessary  to  use 
an  absorption  cell  of  the  order  of  15  to  20  cm.  Murphy  (18)  used  a 
Luuetron  Photoelectric  colorimeter  for  the  same  purpose.  The  bleach- 
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ing  effect  of  fluoride  on  a  zirconyl-sodium  alizarin  sulfonate  lake 
was  used  in  both  cases.  They  were  able  to  correct  for  sulfate  inter¬ 
ference  up  to  3600  p.p.m,  but  were  unable  to  correct  for  the  interfer¬ 
ence  caused  by  phosphate  ion. 

This  is  the  starting  point  of  the  work  carried  out  as  described 
in  this  report,  A  thorough  investigation  of  the  effect  of  sulfates 
and  phosphates  on  photoelectric  colorimetric  methods  is  to  be  under¬ 
taken. 

Colorimetry »  methods  and  underlying  Theory 

The  term  colorimetry,  as  used  here  includes  measurement  or  com¬ 
parison  of  colors  to  determine  the  amount  of  some  constituent  of  a 
solution.  The  constituent  to  be  determined  must  be  colored,  react 
with  a  suitable  reagent  to  give  a  color  or,  as  in  the  case  of  fluor¬ 
ine,  cause  a  change  in  color  of  one  of  the  reagents. 

Solutions  used  in  colorimetry  exhibit  color  as  a  result  of  re¬ 
flection  or  transmission  of  unabsorbed  radiant  energy.  Comparison 
of  the  colored  system  containing  the  unknown  constituent  with  a 
similar  system  containing  a  known  amount  of  that  constituent  is  the 
basis  of  chemical  colorimetry,  instruments  used  are  therefore  more 
correctly  called  comparators.  Five  general  methods  ere  used  to 
compare  colors, 

(a)  Standard  Series  ethod 

A  series  of  standards  is  used.  The  depths  of  the  solutions  in 
the  standard  and  unknown  are  the  same.  The  unknown  is  compared 
visually  with  each  member  of  the  series  until  a  match  is  found.  The 
concentration  of  the  desired  constituent  in  the  unknown  is  then  the 
same  as  that  in  the  standard  to  which  it  most  nearly  conforms  or  is 
estimated  from  the  standard.  In  this  way  the  amount  of  test  substance 
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is  obtained  without  calculation,  because,  if  the  volume  and  color  of 
the  unknown  and  standard  are  the  same  their  contents  of  test  substance 
will  be  identical.  Beer's  law  need  not  apply  and  dichromatism  can 
be  tolerated. 

The  standards  may  be  stable  natural  standards,  unstable  natural 
standards  made  up  at  frequent  intervals,  or  artificial  standards  de¬ 
signed  to  match  the  color  developed  from  the  test  substance.  The 
unknown  is  referred  to  as  the  test  substance. 

(b)  The  Dilution  method 

The  standard  and  sample  are  placed  in  graduated  tubes  of  similar 
diameter,  and  the  darker  diluted  with  the  same  concentration  of  reagents 
as  is  present  in  sample  and  standard.  The  end  point  is  obtained  when 
sample  and  standard  give  a  visual  match.  When  this  end  point  is 
reached  each  unit  of  volume  of  one  solution  must  contain  the  same  a- 
mount  of  test  substance  as  each  unit  volume  of  the  other  and  the 
amount  in  the  unknown  is  to  the  amount  in  the  known  directly  as  their 
volumes,  B@erTs  law  need  not  apply. 

The  apparatus  for  comparison  by  the  dilution  method  consists 
essentially  of  a  pair  of  graduated  tubes,  viewed  crosswise,  and  pro¬ 
tected  from  sidelight. 

( c )  .  Absorption  Method 

This  is  closely  related  to  the  series  of  standards  method.  The 
transmit tancy  of  a  series  of  developed  standards  is  measured,  gener¬ 
ally  with  a  restricted  wave  band.  A  calibration  chart  is  made  by 
plotting  transmitt&ney  or  percentage  transmit tancy  vs.  concentration 
of  the  test  substance.  The  developed  unknowns  are  similarly  read  and 
the  concentration  of  the  unknown  is  read  directly  from  the  chart. 

Boer's  law  need  not  appl;  fco  the  svst«?n.  if  it- does  the tr»« « pittance 
ci  rve  will  be  smooth  and  if  log^(i  of  the  transmittance  is  plotted 
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against  concentration  the  curve  will  be  a  straight  line. 

The  absorption  method  is  used  for  the  work  done  on  the  deter¬ 
mination  of  fluorides  and  phosphates  in  this  report.  This  method  is 
particularly  good  when  a  large  number  of  similar  determinations  are 
made, 

(d)  The  Balancing  method 

The  color  of  the  unknown  solution  is  matched  with  a  standard  by 
adjusting  the  depths  of  solution,  Th©  concentration  of  the  desired 
constituent  in  th©  two  solutions  must  be  inversely*  proportional  to 
th©  depths  of  solution.  Beer *s  law  must  hold  for  the  system. 

The  simplest  form  of  apparatus  for  the  balancing  method  consists 
of  two  simihrly  graduated  tubes.  The  sample  is  placed  in  one  tube 
and  the  standard  in  the  other.  The  two  tubes  are  held  over  a  piece 
of  white  paper  and  standard  solution  is  poured  into  the  standard  tube 
until  the  color  observed  through  the  lengths  of  the  tubes  is  id¬ 
entical,  The  Duboseq  colorimeter  is  based  on  this  principle. 

(©)  The  Duplication  Method 

The  sample  is  made  up  to  a  definite  volume,  and  nearly  that  vol¬ 
ume  of  distilled  water  placed  in  a  similar  container  is  treated  with 
the  same  reagents  for  bringing  out  the  color  of  th©  solution,  as  were 
used  with  the  sample.  Then  a  standard  stock  solution  of  the  constit¬ 
uents  being  determined  is  added  from  a  buret  until,  when  the  level  is 
brought  up  to  the  mark,  the  color  in  the  two  tubes  match.  The  un¬ 
known  then  contains  the  same  amount  of  the  constituent  as  was  added 
to  the  comparison  tube.  Beer’s  law  need  not  hold  for  the  system  but 
reaction  must  be  almost  instantaneous. 

Extent  of  bse  0f  Colorimetric  ethods 


Colorimetric  methods  sometimes  give  results  in  five  minutes  to 
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one  hour  while  similar  determination  by  soma  other  method,  may  take 
much  longer.  Colorimetric  methods  are  in  general  rapid  and  reasonaoly 
accurate.  A  broad  field  of  usefulness  of  colorimetry  is  the  determ¬ 
ination  of  impurities  or  substances  easily  soluble  in  water,  acid  or 
case.  Colorimetric  methods  are  generally  very  sensitive,  usually  de¬ 
tecting  test  substances  in.  the  concentration  range  0.5  -  10  p.p.m* 

Some  methods  are  sensitive  enough  to  detect  on©  part  per  billion. 

In  general,  in  the  development  of  a  new  colorimetric  method, 
only  the  methods  of  a  series  of  standards  or  absorption  can  be  assumed 
to  be  a  plicable.  The  standards  should  contain  the  same  amount  of  the 
reagents  as  the  unknown  and  prepared  at  the  same  time. 

If  the  color  develpps  over  a  wide  range  of  wave  bands,  then  the 
eye  with  reasonable  accuracy  over  the  entire  range  will  respond  to  the 
intensity  with  greater  accuracy  than  an  instrument  reading;  in  a  re¬ 
stricted  wave  band.  But  if  the  color  developed  by  the  reaction  of 
the  test  substance  and  reagents  lies  almost  entirely  within  a  restrict¬ 
ed  waveband,  the  use  of  filter  methods  will  be  preferred. 

Sometimes  the  color  substance  obtained  from  the  unknown  material 
precipitates  above  a  certain  concentration.  This  sets  an  upper  limit 
in  some  cases.  The  lower  limit  is  usually  that  at  which  the  color  is 
just  noticeable.  The  accuracy  generally  becomes  less  as  the  lower 
limit  is  approached.  Sometimes  the  formation  of  a  precipitate  can  be 
prevented  by  the  us©  of  a  protective  colloid. 

Conditions  for  a  Colorimetric  Method 

The  following  is  a  list  of  some  of  the  desirable  features  which 
can  be  cited  for  an  ideal  colorimetric  methods  About  the  only  one  that 
is  followed  in  practice  is  that  a  color  is  developed. 

1.  The  color  developed  from  a  small  amount  of  test  substance 


should  be  intense 
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2.  The  color  developed  should  be  stable. 

3.  The  color  preferably  should  be  little  affected  by  jj?B.  If 
the  color  is  affected  by  a  buffer  may  be  used  to  control  the  . 

4.  For  visual  colorimetric  methods  the  transmission  should  be 
between  475-625  millimicrons.  The  range  of  photoelectric  methods 
depends  upon  the  range  of  sensitivity  of  the  photocell. 

5.  Temperature  should  have  little  effect  on  the  color. 

6.  Wen  a  system  follows  Beer*s  law,  the  standards  and  cali¬ 
bration  curves  may  be  obtained  more  easily, 

7.  It  is  desirable  to  have  the  color  develop  quickly, 

8.  The  reaction  between  the  test  substance  and  reagents  should 
be  specific.  The  more  specific  the  reaction  the  less  will  be  the 
number  of  interfering  substances, 

3,  The  order  of  mixing  should  not  he  critical, 

10,  The  colored  solution  should  require  no  special  treatment  such 
as  extraction  with  a  solvent, 

11,  The  color  developed  is  preferably  independent  of  excess  re¬ 
agent. 

Filter  Photometry 

The  filter  photometer  is  an  instrument  used  to  compare  light- 
absorbing  properties  of  a  colored  system.  Filter  photometers  are  of 
two  types  depending  on  the  device  used  to  indicate  the  comparisons! 

(l)  visual  filter  photometers  where  the  eye  is  used  and  (2)  photo¬ 
electric  filter  photometers  where  a  photoelectric  cell  is  used.  odern 
filter  photometers  are  generally  spectrophotometers  in  which  the 
expensive  monochromator  has  been  replaced  by  a  filter.  Bence  the 
photoelectric  colorimeter  is  a  type  of  filter  photometer. 

When  a  photoelectric  colorimeter  is  used  under  the  proper  condi¬ 
tions  it  is  generally  more  sensitive  than  the  corresponding  visual  meth¬ 
ods.  Also,  a  photoelectric  colorimeter  with  the  proper  combination 
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of  light  source,  photocell,  and  filter  is  sensitive  in  the  ultraviolet 
infrared,  both  invisible  to  the  eyo,  as  well  as  in  the  range  400-700 
nowhere  the  eye  can  be  used.  When  a  large  number  of  determinations 
of  the  same  kind  have  to  be  undertaken,  a  photoelectric  filter  photo¬ 
meter  will  give  decreased  time  per  determination,  and  also  be  less 
fatiguing  on  the  analyst.  If  close  screening  is  not  necessary  to 
separate  an  interfering  wave  oand,  a  filter  photometer  is  as  sat¬ 
isfactory  as  a  trie  spectrophotometer  and  is  much  less  expensive. 

The  use  of  a  photoelectric  colorimeter  requires  some  knowledge 
of  the  color  characteristics  of  the  solution  and  the  applicability  of 
the  laws  of  light  absorption.  The  essential  theory  governing  colori¬ 
metric  analysis  consists  of  the  physical  laws  of  light.  These  are 
Lambert* s  (Bouguer*s)  law  and  Beer's  law. 

Lambert's  Law  gives  the  relationship  between  color  intensity  and 
depth.  This  law  states  that  at  constant  concentration  th©  color 
intensity  is  directly  proportional  to  depth. 

Beer's  Law  involves  the  relationship  between  color  intensity 
and  concentration.  The  law  states  that  at  constant  depth  th©  color 
intensity  is  directly  proportional  to  the  concentration. 

Derivation  of  Deer's  Law  and  Lambert's  Law 
(a)  Lambert  *  s  Law 

When  light  passes  through  a  unit  layer  of  a  solution,  the  en¬ 
ergy  of  a  given  wavelength  is  reduced  by  a  fraction  of  its  intensity. 
In  the  next  layer  an  identical  fraction  of  the  remaining  intensity  is 
absorbed.  The  decrease  of  intensity  per  increment  of  depth  of  solu¬ 
tion  is  hence  proportional  to  the  intensity  of  the  energy  passing 
through  that  layer.  This  observation  was  made  by  Lambert  in  1760. 

This  law  may  be  expressed  by  the  following  differential  equation: 

-  dl  =  kl 

dT 
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where  I  and  1  represent  intensity  and  thickness  respectively.  Upon 


rearranging  the  terms  and  integrating  we  get: 

lnl  *  -kl  ♦  constant  (2) 

when  1*0,  the  intensity  is  equal  to  the  initial  intensity  IQ,  whence 
lnl0  -  constant 

Substituting  this  value  in  equation  (2),  we  gets 
lnlt  -  lnl0  -  -  kl  (3) 

where  1^  s  the  intensity  of  the  transmitted  light 
I0  z  the  intensity  of  the  incident  light. 

By  rearranging  the  left-hand  side  of  equation  (3)  we  get  the  logarithmic 
form  of  Lambert’s  law:  lnl/  »  -kl  (4) 

Lambert’s  law  may  also  be  expressed  in  the  exponential  forms 

-11  , 

J±  =  #  (5) 


where  It  =  the  intensity  of  the  transmitted  light 
I0  =  the  intensity  of  the  incident  light 
k  -  is  a  constant  called  the  absorption  coefficient, 
e  »  naperian  base  of  logarithms* 

If  one  changes  from  logarithms  to  base  @  to  those  of  base  10 
we  get  the  following  expression  from  equation  (4): 


It 

log  *££  =  -  (8) 

where  K  »  0.4343  k 

The  logarithm,  of  the  reciprocal  of  It  (the  transmission  factor)  is 

I'cT 

often  referred  to  as  the  optical  density,  d,  namely 

d  -  log  =  14:1  (7) 

Beer’s  Laws  If  one  has  a  number  of  solutions,  Sp^Sg — - — ,  made  up  of  the 
same  solvent  and  solute  but  having  the  solute  present  in  different  amounts, 

^2  - »  then  it  follows  from  Lambert’s  law,  that  for  each  solution 

one  will  have  a  transmittance  T  corresponding  to-  the  absorption 
coefficients  k^kg- - »  as  follows: 


T  for  °1  =  e  -  kx  1 
T  for  Cg  z  o  -  kg  1 
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changing:  from  base  0  to  base  10  we  get, 

Tg-s  %1 

T  for  Gx  -  10  ^l1 
T  for  Cg  «  10  ~K2l 

Beer  showed  that  tho  absorption  coefficients  K-^  Kg,  — — — ,  ar©  re¬ 
lated  to  the  c one ontiat ions  C.^,  Cg, - For  some  solutions  this 

relationship  is  linear  and  thus  we  may  write, 

K  =  ac  (l) 

where  a  is  a  constant.  When  this  is  so  Beer’s  law  is  said  to  hold, 
k  is  sometimes  called  the  extinction  coefficient. 

Solutions  conforming  to  Beer’s  law  have  a  constant  molecular 
extinction  coefficient  at  all  dilutions  and  thicknesses  for  a  given 
wavelength.  Spectrophot ©metric  curves  (optical  density  vs.  wavelength) 
for  a  solution  obeying  Beer’s  law  should  have  the  same  shape  for 
different  concentrations  and  in  addition  the  extinction  coefficients 
should  be  proportional  to  the  concentration.  A  curve  from  a  spect¬ 
rophotometer  will  have  a  maximum  at  the  wavelength,  of  maximum 
absorption  of  the  system.  At  this  point  there  is  the  largest  change 
in  transmission  for  a  given  change  in  concentration. 
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Determination  of  Small  Amounts  of  Fluorides 
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Part  2, : -  Determination  of  Small  Amounts  of  Fluorides 
Discussion  of  the  Colored  System  to  be  Used 

The  bleaching  effect  of  fluoride  ion  on  the  red  lake  formed  by 
sodium  alizarin  sulfonate  and  a  zirconyl  salt  is  due  to  the  formation 
of  a  stable  complex  ion,  between  zirconium  ion  and  the  fluoride  ion. 
The  sodium  alizarin  sulfonate  released  on  the  breaking  down  of  the 
red  lake  by  fluoride  ion  is  yellow  in  acid  solution.  The  red 
zirconium-sodium  alizarin  sulfonate  lake  is  stable  in  acid  solution. 
With  increasing  amounts  of  fluoride  ion  the  color  of  the  solution 
changes  gradually  from  red  to  yellow. 

The  zirconium-fluoride  complexes  are  colorless.  Venables  (31) 
reports  that  the  following  complexes  occur: 

zvrt  ZrSFis5  ZrFg,  ZrFg-,  ZrP"- 


In  very  dilute  solutions  complexes  containing  much  less  fluor¬ 
ine  may  occur. 

In  order  to  determine  the  optimum  wavelength  to  use,  a  series  of 
spectrophotometer  curves  ware  obtained  on  the  red  zirconium  lake  and 
the  yellow  sodium  alizarin  sulfonate.  The  filters  are  used  in  the 
photoelectric  colorimeter  to  block  off  all  light  except  a  narrow 
band  in  the  region  of  maximum  absorptance.  This  gives  a  maximum 
change  in  transmittancy  for  a  given  change  in  concentration  when  the 
colorimeter  is  in  use. 

The  visual  colorimetric  methods  for  the  determination  of  flu¬ 
orides  in  small  quantities  were  investigated.  Steiger  (24)  developed 
a  colorimetric  method  based  on  the  fading  of  the  orange  color  of 
titanium  peroxide  in  the  presence  of  fluorides.  This  bleaching  is 
believed  to  be  due  to  the  formation  of  a  complex.  Wilcox,  Fahey, 
and  Foster  have  devised  similar  methods  involving  the  fading  of  the 
color  of  a  ferric  salt  due  to  the  formation  of  the  F@F0  complex. 


. 


. 


' 


. 


15. 


Talvitie  (28)  has  devised  a  method  which  depends  upon  the  fading  of 
a  thorium-sodium  alizarin  sulfonate  lake.  The  thorium  forms  an  in¬ 
soluble  fluoride.  Sanohis  (21),  Elvove  (lo)  and  ^cott  (22)  have 
developed  methods  suitable  for  water  analysis  from  the  earlier  methods 
of  De  Boer,  Casares  and  Thompson  and  Taylor.  These  colorimetric 
methods  depend  upon  the  fading  of  the  zirconium  lake  of  a  dye, 
sodium  alizarin  sulfonate,  in  acid  soulution, by  the  formation  of 
complexes.  These  methods  differ  in  that  they  use  successively  a 
less  number  of  reagents.  Sancbis  used  three?  Elvove  used  two? 
and  Scott  used  one.  It  was  decided  to  investigate  the  methods  in¬ 
volving  the  use  of  a  zircony 1-sodium  alizarin  sulfonate  lake  because 
of  their  rapidity  and  their  lesser  sensitivity  to  common  interfering 
ions.  T’hg  method  used  by  Scott  appears  to  be  the  most  rapid. 
Preliminary  Experimental  Work. 

(a)  Sanchis  Modification 

It  was  decided  upon  to  investigate  the  Sanchis  modif icat ion 
first.  This  colorimetric  method  depends  upon  the  fading  of  a  zirconyl- 
sodium  alizarin  sulfonate  lake  by  fluoride  ion.  In  the  original  paper 
(21)  comparison  was  made  visually  by  use  of  a  series  of  standards  in 
Kessler  tubes.  This  method  has  been  adapted  to  use  in  a  photoelectric 
colorimeter  by  Walker  and  Gainer  (32)  and  by  Murphy  (l8).  The  fol¬ 
lowing  is  an  outline  of  the  reagents  used  in  this  method: 

Preparation  of  the  Reagents 

1.  Standard  NaF  solution:  2»21  grams  of  dried  sodium  fluoride  is 
first  dissolved  in  one  litre  of  distilled  water  to  give  a  stock  sol¬ 
ution  containing  1000  p.p.nu  of  fluoride  ion.  100  1.  of  this  solution 

is  diluted  to  one  litre  to  give  a  solution  of  100  p.p.m.  F7  100  ml* 
of  this  solution  containing  100  p.p.m.  of  fluoride  ion  is  diluted  to 
one  litre  to  give  a  working;  solution  containing  100  p.p.m.  of  fluoride 


* 
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ion. 

2.  The  indicator 

(a)  0.17  grams  of  sodium  alizarin  sulfonate  -was  dissolved  in  100  ml. 
of  distilled  water. 

(b)  0.87  grams  of  zirconyl  nitrate  ZrO( NO3) g* 2%0  was  dissolved 
in  100  ml.  of  distilled  water.  Both  solutions  (a)  and  (b)  are 
stored  in  the  dark. 

(c)  In  order  to  prepare  a  working  solution,  10  millilitres  of  (a) 
is  added  to  10  ml.  of  (b) j  diluted  to  100  ml.  and  allowed  to 
stand  for  12  hours  before  using;. 

3.  5N  HOI;  250  ml.  of  concentrated  HG1  are  mixed  with  500  ml,  of 
distilled  ifater  in  a  one  litre  volumetric  flask.  The  solution  is 
cooled  to  room  temperature  and  filled  up  to  the  mark  with  distilled 
water, 

4.  31  HgSO^.  84  Bil •  of  concentrated  HgSO^  are  mixed  with  500  ml.  of 
distilled  water  in  a  one  litre  volumetric  flask.  The  solution  is 
cooled  and  diluted  to  on©  litre. 

Preparation  of  Standards 

To  a  series  of  100  ml,  volumetric  flasks  are  added  0.0, 2.0,  4.0, 
6.0,  10.0,  12,0  and  14.0  ml.  of  standard  sodium  fluoride  solution. 

The  standard  BaF  solution  is  measured  out  with  Mohr  pipettes.  The  10 
p.p.m.  solution  of  BaF  is  used  for  this  purpose. 

Procedure 

The  practicability  of  the  original  Sanchis  method  for  the  deter¬ 
mination  of  fluorides  was  first  investigated.  The  original  method  is 
as  follows* 

2.0  ml.  of  3H  Bel  and  2.0  ml.  of  3B  B-gSod  are  added  to  100  ml.  of 
the  standard  along  with  1.8  ml.  of  the  indicator.  The  acids  were 
Treasured  out  by  means  of  a  \ftohr  pipette  while  the  indicator  was  measured 
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out  with  a  micro-burette.  The  solution  is  heated  to  boiling  and  allow¬ 
ed  to  stand  overnight.  These  solutions  are  then  compared  visually  in 
Nessler  tubes. 

In  order  to  determine  the  absorption  maximum  of  the  red  lake  form¬ 
ed  in  this  modification,  a  sample  of  the  indicator  was  examined  in  a 
Nutting-I  ilger  spectrophatometer .  This  is  a  repetition  of  the  work 
done  by  Walker  and  ^urphy. 

Deter:  ination  of  the  Absorption  Spectrum 

A  sample  of  the  indicator  (the  red  lake)  prepared  according  to  the 
Sancbis  modification  was  used* 

Ten  ml.  of  this  solution  w  s  mixed  with  4  ml.  of  a  mixed  acid 
solution  containing  3N  and  3N  HCL  in  equal  amounts  and  the 

solution  diluted  to  100  ml.  with  distilled  water.  This  solution  was 
brought  to  a  boil,  removed  after  five  or  ten  seconds  boiling  and  allow¬ 
ed  to  stand  for  24  hours  before  examining  it  in  the  spectrophotometer. 
Table  (l)  shows  the  optical  densities  obtained  at  various  wave¬ 
lengths.  figure  (l)  contains  the  curve  obtained  by  plotting  optical 
density  against  wavelength  in  millimicrons  (Curve  A),  It  can  be  seen 
that  the  maximum  absorption  occurs  between  515  and  520  millimicrons. 

The  fluorine  bleaches  the  red  lake  by  forming  a  stable  complex 
ion  with  zirconium  and  releasing  the  sodium  alizarin  sulfonate  which 
is  yellow  in  acid  solution.  Since  interference  in  the  photoelectric 
colorimeter  with  the  red  lake  might  be  caused  by  this  yellow  colored 
compound  the  absorption  spectrum  of  sodium  alizarin  sulfonate  of  the 
same  concentration  as  used  in  the  indicator  was  determined  in  the  same 
spectrophotometer.  The  result  is  given  as  curve  B  in  figure  (l).  Al¬ 
though  the  two  curves  overlap,  the  sodium  alizarin  sulfonate  has  its 
absorption  maximum  in  the  ultraviolet  region  of  the  spectrum. 

in  using  the  photoelectric  colorimeter,  the  light  filter  to  be  sel¬ 
ected  is  one  that  screens  out  all  wavelengths  except  those  in  a  narrow 
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Table  I 


The  Optical  Densities  for  the  Red  Lake  and  fellow  Dye 

yjg  a  length  Optical  Donsity  Optical  Density  for 

in  millimicrons  for  Red  -Lake  Sodium  Alizarin  Sulfonate 


720 

0.26 

680 

0.33 

640 

0.43 

620 

0.50 

600 

0.59 

580 

0.16 

560 

0.73 

0. 18 

550 

0.78 

545 

0.82 

530 

0.22 

'V 

520 

0.90 

510 

0.93 

0.29 

500 

0.90 

0.32 

480 

0.77 

0.4S 

470 

0.56 

460 

0.72 

0.67 

450 

0.81 

440 

0.65 

0.84 

THE  OPTICAL  SYSTEM  OF  THE 
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PART  NUMBER 
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Bc 

COARSE  ADJUSTMENT. 

Bf 

FINE  ADJUSTMENT. 

C 
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D 

MEASURING  PHOTOCELL 

E 

MIRROR. 

F 

BALANCE  PHOTOCELL- 

J 

FILTER  HOLDER- 

K 

C  LAMP. 

L 

COLLIMATING  LENS- 
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band  near  the  absorption  maximum}  the  effect  of  the  sodium  al~ 

Sarin  sulfonate  will  be  smll  and  will  not  cause  much  interference. 

It  is  not  likely,  though,  that  the  system  will  follow  Beer’s  law. 

The  Lumqtron  Photoelectric  Colorimeter  ^odel  4Q2-A. 

The  instrument  was  manufactured  by  the  Photovolt  Corporation, 
iew  York.  It  is  a  null  point  instrument  using;  two  photocells,  a  slide 
wire  and  a  galvanometer  connected  in  a  current  bridge  circuit.  The  * 
balance  of  the  circuit  is  indicated  by  the  galvanometer.  The  light 
from  a  100  candlepower  projection  lamp.  A,  (fig.  2)  is  collimated  by 
the  lens,  L,  to  form  a  parallel  beam.  After  passing;  through  a  mon¬ 
ochromatic  filter,  J ,  the  beam  is  split  in  two  parts.  One  part  of 
this  beam  passes  thr ought  the  developed  solution  in  the  sample  hold¬ 
er,  C,  and  strikes  the  measuring  photocell,  D.  The  other  part  of  the 
beam  is  deflected  by  a  mirror,  to  act  on  the  balance  photocell,?, 
which  is  mounted  so  that  it  may  be  rotated  through  an  angle  of  90°, 
When  the  active  face  of  the  balance  photocell  is  normal  to  the  beam 
the  cell  receives  the  full  light.  When  the  balance  cell  is  rotated 
to  the  other  stop  position  the  qdge  of  the  active  face  is  presented 
to  the  light  and  there  is  no  action  on  the  cell.  Therefore  the  light 
striking  the  balance  photocell  may  be  varied  by  turning  the  knobs  R0 
(coarse)  and  Bf  (fine)  to  set  the  galvanometer  to  zero. 

The  galvanometer  is  a  taut -wire? ,  spot  light  instrument  with  a 
coil  resistance  of  90  ohms  and  a  sensitivity  of  0.0%  microamperes  per 
division.  It  is  sturdy  and  requires  no  special  care  as  far  as  vib¬ 
rations  are  concerned.  The  spot-light  readings  are  free  from  parallax 
and  permit  adjustment  to  true  zero.  The  balancing  of  the  bridge  is 
achieved  by  turning  the  adjustable  contact  arm  of  a  slide-wire  which 
is  provided  with  a  calibrated  dial.  The  slide  wire  has  a  coarse  and 
fine  adjustment.  The  slide-wire  consists  of  a  large  number  of  turns 
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of  low  resistance  wire.  The  slide-wire  is  9  inches  long  and  is 
calibrated  in  percentages.  It  can  be  read  to  a  fraction  of  one  per¬ 
cent  provided  the  sensitivity  of  the  instrument  produces  a  clearly 
detectable  off-balance  on  the  galvanometer  for  such  small  changed  of 
the  slide  wire  scale. 

The  photocells  are  of  the  self -generating  harrier -layer  type. 

These  cells  convert  light  energy  directly  into  electrical  energy.  The 
life  of  these  cells  is  unit  ited  and  their  stability  has  been  proved 
by  y«aYs of  use.  The  spectral  sensitivity  for  the  cells  has  a  maximum 
at  very  nearly  the  same  place  as  that  for  the  human  ©ye.  The  cells 
respond  to  light  in  the  rang®  200  to  800  millimicrons.  This  allows 
the  instrument  to  be  used  in  the  ultraviolet  when  provided  with  a 
suitable  light  source.  The  light  falling  on  the  photocells,  in  nor¬ 
mal  operation,  is  usually  less  than  one  foot-candle.  At  such  low 
values  the  response  of  the  photocells  is  linear.  The  linearity  off ar s 
the  advantage  that  straight  line  plots  are  obtained  in  calibrating  the 
instrument.  For  example,  when  measuring  chemical  concentration  by 
transmission  measurements,  solutions  obeying  Beer’s  law  give  a  straight 
line  when  plotted  on  semi  -  log  paper. 

The  light  source  is  a  100  candle -power  projection  lamp.  The  light 
intensity  of  the  lamp  is  adjustable  by  a  rheostat.  A  ©witch  on  the 
instrument  throws  the  balancing  cell  out  of  the  circuit.  This  allows 
the  instrument  to  be  used  as  a  direct  reading  instrument.  The  lamp 
rheostat  is  adjusted  so  that  a  predetermined  galvanometer  reading  :is 
obtained  in  this  position  of  the  switch.  This  method  of  adjusting  the 
light  intensity  offers  the  advantage  of  compensating  automatically  for 
the  deterioration  of  the  lamp.  The  lamp  adjustment  also  compensates 
for  the  difference  in  light  transmission  of  the  various  filters  being 
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Each  of  tha  monochromatic  filters  supplied  with  the  Luma tr on  Photo¬ 
electric  Colorimeter  consists  of  2  or  3  ground  and  polished  colored 
glasses.  These  filters  isolate  wave-bands  approximately  30  millimicrons 
wide. 

The  absorption  cells,  supplied  in  different  sizes  with  the  ap¬ 
paratus  have  plane,  parallel  windows  and  are  fused  together  so  as  to 
be  resistant  to  any  liquid  which  does  not  attack  glass.  The  cells 
are  available  in  rectangular  shape  or  in  cylindrical  shape  with  filler 
neck.  The  rectangular  cells  are  easier  to  clean.  The  cylindrical 
cells  require  less  care  in  handling  to  prevent  spilling. 

Calibration  of  the  Photoelectric  Colorimeter  for  the  Determination 

Fluoride 

The  colorimeter  described  above  was  used  with  a  515  millimicron 
band  filte  chosen  because  of  the  curves  presented  in  Fig,  I.  The 
sample  holder  was  a  cylindrical  cell  with  a  volume  of  120  ml,  and  a 
light  path  of  150  mm. 

The  cell,  of  light  path  150  mm.,  was  chosen  because  of  the  ex¬ 
perience  gained  by  Walker  and  Gainer  (32)  in  adapting  a  direct  reading 
type  of  photoelectric  colorimeter,  of  the  type  designed  by  Evelyn, 
to  the  determination  of  fluorides  by  the  Sauchis  method.  They 
found,  that  the  usual  7/8  inch  light  path  used  with  the  above  color¬ 
imeter,  mss  not  sensitive  enough  for  the  determination  of  fluorides 
by  the  Sanchis  modification.  They  used  a  hessler  tube  with  a  light 
path  of  21,5  centimetres  and  then  got  results  similar  to  those  ob¬ 
tained  by  visual  methods.  A  cell,  of  light  path  150  mm. ,  was  used 
bv  Murphy  (id)  who  used  a  Lumetron  Photoelectric  Colorimeter  in  the 
determination  of  fluorides  by  this  method. 

A  set  of  standards  were  made  up  as  for  the  Sanchis  method  already 
given.  These  contained  0.0,  2.0,  4.0,  6.0,  .0,  10,0,  12.0  and  14. C 
ml.  of  standard  KaF  solution  corresponding  to  0.0,  0.2,  0.4,  0.6, 
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0.8,  l.o,  l.o  and  1.4  | ,p,i  .of  f  •  thii  •  0< 
boiling  and  alloyed  to  stand  overnight. 

The  transmission  standard  used  In  obtaining  the  readings  in 
Table  ( 1 I )  was  distilled  water.  A  volume  of  106  ml,  of  distilled 
water  was  placed  in  the  absorption  cell  and  the  instrument  was  adjust¬ 
ed  to  read  ICO  transmission  for  this  transmission  standard.  Ahe 
standards,  containing  the  prescribed  amount  of  acid  and  indicator, 
were  then  compared  in  the  photoelectric  colorimeter. 

A  curve, Kig. (3)  was  constructed  by  plotting  percentage  trans:  lesion 
va.  p.p.m.  fluoride  ion.  The  data  from  which  the  curve  was  drawn 
are  given  in  Table  (il).  The  range  of  scale  readings  is  37, G.  The 
gradation  of  color  of  the  developed  standards  is  satisfactory. 

Table  li 

p.p.m. F~  Percentage  Transmission 


0.0 


43.0 


0.2 


48.0 


0,4 


51.8 


0.6 


56,4 


0.8  62*2 

1.0  88.8 

1.2  74,4 

1,4  80,6 

It  was  decided  to  drop  any  further  investigation  of  the 
Sanchis  modification  due  to  the  fact  that  it  required  considerable  time. 
It  is  believed  that  the  Scott  modification,  wi  ich  is  much  more  rapid 
and  simple  in  operation,  should  behave  similarly  to  interfering  ion 
as  the  Sanchis  modification.  Therefore,  all  further  investigation 
has  been  carried  out  using  the  Scott  modi fi cat ion. 
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The  Scott  modification  for  Determining  Fluorides 

The  practicability  of  the  Scott  modification  for  the  determina¬ 
tion  of  fluorides  was  investigated  in  so  far  as  its  applicability  to 
photoelectric  colorimetry.  The  method  of  Scott  offers  these  three 
advantages  over  the  earlier  Sanchis  methods 

(a)  There  is  only  one  reagent  in  place  of  three. 

(b)  The  deoolorization  of  the  lake  occurs  rapidly  at  room 
temperature. 

(o)  The  final  colors  are  persistently  clear  and  no  precipi¬ 
tation  of  the  lake  occurs. 


Preparation  of  Reagents 

(a)  Standard  BaF  Solutions  same  as  for  the  Sanchis  modification. 

(b)  0.07  gm,  of  sodium  alizarin  sulfonate  is  dissolved  in  50  ml, 
of  distilled  water. 

(c)  0.30  gm.  of  zirconium  oxychloride  is  dissolved  in  50  ml.  of 
distilled  water  giving  a  clear  solution. 

(d)  fixed  Acid  Solutions 

1,  2,7 U  H9SO4:  75  ml,  of  concentrated  H2SQ4  are  pipetted 
into  a  one  litre  volumetric  flask  containing  approximate¬ 
ly  500  ml, of  distilled  water.  The  solution  is  cooled 
and  then  brought  up  to  the  mark  with  water, 

2.  2 . 7  13  HC 1 :  225  ml,  of  concentrated  HCl  is  pipetted  into 
a  one  litre  volumetric  flask  containing  approximately  500 
ml,  of  distilled  water.  This  solution  is  allovied  to  cool 
and  then  diluted  to  the  mark  with  water. 

The  2,7  N  BOX  and  2,7  B  HgSO^  are  mixed  to  give 
the  "mixed  acid”  solution, 

(e)  The  Indicator:  The  Zirconium  oxychloride  solution  (b)  is 
transferred  to  a  one  litre  volumetric  flask  and  the  sodium 
alizarin  sulfonate  solution  (A)  is  added  slowly  with  constant 
mixing.  The  red  lake  is  allowed  to  form  for  fifteen  minutes 
and  then  the  volumetric  flask  is  filled  to  the  mark  with 
mixed  acid  solution.  The  indicator  is  red  at  first  but 

changes  to  a  yellow  color  when  it  is  ready  for  use  (about  one  hour), 
Procedure 

The  transmission  standard  used,  was  distilled  water.  A  volume 


of  105  ml.  of  distilled  water,  A  volume  of  105  ml,  of  distilled  water 

was  placed  in  the  15  cm,  absorption  cell  and  the  instrument  was  ad- 

.  trans  m/s  J/oii 

.justed  to  rea  100  a  H*^H,srittatTSe  for  this  transmission  standard. 


' 
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A  series  of  stands  -is  ms  rep  red  cental  tng  , 

p.p.m,  of  fluoride. 

The  standards,  containing  the  prescribed  amount  of  indicator, 
were  compared  in  the  photoelectric  colorimfcer.  The  effect  of  using 
varying  amounts  of  the  Scott  indicator  in  the  calibration  of  a  series 
of  standards  was  investigate:,  bets  of  standards  were  compared  in 
the  colorimeter  using  2,3,4  and  5  ml.  of  indicator.  -he  results  are 
shown,  in  Table  III,  Ihe  same  lot  of  indicator  was  used  for  all  the 
comparisons.  The  calibration  curves  are  shown  in  figure  4  where 
scale  readings  are  plotted  vs.  p.p.m. F*. 


TABLE  ill 

Calibration  of  the  Lol primate- •  Using  varying  Amounts  of  Indicator 
Percentage  Transmission 


p.p.m. P- 

2  ml.  of  indicator  3  ml.  of  indicator  4  ral. 

of  indicator  6 

ml,  of  indicate 

0.0 

88.8 

47.7 

42,1 

rHf 

• 

o 

*$• 

0.2 

60.8 

50,8 

45,3 

43.0 

0.4 

68.4 

56,8 

50.6 

48.4 

0,6 

73.2 

63.2 

57.4 

54,7 

0,8 

82.4 

71,9 

65.2 

62.5 

1.0  ' 

90,3 

80.4 

73.5 

70.0 

1.2 

93.9 

87.5 

81.0 

76.3 

1.4 

95.0 

91.5 

86.0 

81.5 

Range  of 
loadings : 

36.2 

43,8 

43.9 

42.1 

The 

varying  amount 

of  indicator  has  the  effect  of 

shifting  the 

rang®  within  which  the 

percentage  transmissions  occur# 

For  example. 

the  read- 

ings  obtained,  when  two  ml.  of  indicator  are  used,  lie  between  58.8 
and  96. Oj  while,  when  8  ml.  of  indicator  are  used  they  lie  between 
35,4  and  81,5.  rrom  this  shift  an  estimate  of  the  error  introduced 
by  faulty  measurement  of  the  velum®  of  indicator  added  to  the  stand- 
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ards  car.  be  obtained*  The  error  in  table  XV  is  calculated  as 

f ol lows  from  the  data  ir:  table  Ill* 

(a)  tie  shift  caused  by  ore  ml.  s  42.1-39.4  a  2.7  percent, 

(b)  the  approximate  »;  ift  due  to  0.1  ml.  s  0.27  percent. 

(c)  the  fading  caused  by  0.2  p.p.m.F"*  -  43.0  -  40*0  s  3.0  percent. 

0.27 

(d)  error  in  p»p.m*F"‘  s  3.0  of  0,2  -  0,02  p.p.m. 


TABLE  IV 

The  Effect  of  I’aulty  measurement  in  Indicator. 


n.  r.-i.F-added 

Volume  Error 

Calculated  Error  in  p.p.m.F" 

0.0 

0*1  ml* 

0,02 

0.2 

0.1  ml. 

0.01 

0.4 

0*1  ml. 

0.01 

0.6 

0. 1  ml. 

0.01 

0.8 

0, 1  ml. 

0.01 

1.0 

0,1  ml. 

0.01 

1.2 

0. 1  ml. 

0.02 

1.4 

0, 1  nl. 

0.02 

The  following  table  shows  the  estimated  error  caused  by  an  error 

of  0.1  ml.  in  volume  measurement  when  4 

ml.  of  indicator  are  used. 

TABLE  ¥ 

The  Effect  of  Faulty  vies  si- remet 

it  in  Indicator. 

p.p.m, f “added 

Volume  %r*'or 

Calculated  -rror  in  p.p.m.F- 

0.0 

0,  1  iiil. 

0.04 

V 

0.2 

0.1  ml. 

0.02 

0.4 

0.1  ml. 

0.02 

0.6 

0.1  ml. 

0.01 

0.8 

0.1  ml. 

4  0.02 

1.0 

0.1  ml. 

0.02 

1.2 

*  0.1  ml. 

0.02 

1.4 

0. 1  ml. 

0.02 
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When  five  ml,  of  indicator  are  used  the  e  rcr  introduced  by  small 
deviations  in  volunie  measurement  is  small.  This  error  is  greater  when 
only  4  mi*  of  indicator  are  used.  Hue  to  this  small  error  the  accuracy 
of  a  Mohr  pipette  is  sufficiently  good  for  these  detemina  lions. 

From  table  III  one  may  observe  that  the  range  in  percentage  transmissions 
(gradation  in  color)  is  a  little  oetter  when  either  3  or  4  ml.  of 
indicator  are  used.  This  slight  change  in  range  is  probably  a  com¬ 
bination  of  the  effect  caused  by  a  change  in  pH  and  the  effect  brought 
about  by  using  less  of  the  colored  constituent.  The  interference  of 
sulfate  ion  is  probably  greater  whan  less  amounts  of  the  indicator  are 
used.  Therefore,  in  all  future  determinations  and  calibrations  5  ml. 
of  the  indicator  have  been  used. 

Several  different  lots  of  the  indicator  were  prepared  over  a 
period  of  time  using  identically  the  same  amount  of  reagents,  order 
of  mixing  and  time  of  mixing.  The  photoelectric  colorimeter  was  cal¬ 
ibrated  with  great  care  for  each  of  these  lots  of  indicator.  Ho  two 
of  these  calibrations  were  exactly  the  same,  therefore,  it  is  con¬ 
sidered  necessary  to  calibrate  the  photoelectric  colorimeter  each  time 
a  new  lot  of  indicator  is  made  up.  The  variation  in  the  readings  for 
each  separate  lot  of  indicator  is  tabulated  in  table  VI.  The  cali¬ 
bration  curves  are  shown  in  figure  5. 

It  has  been  observed  that  it  is  better  to  allow  a  fresher  pre¬ 
pared  lot  of  the  indicator  stand  from  one  to  two  days  before  use. 

For  the  first  two  days  there  appears  to  be  a  slight  change  taking 
place  in  the  indicator.  A  calibration  curve  mow  may  be  used  for 
several  weeks  if  the  same  lot  of  indicator  isused,  Even  so,  fre¬ 
quent  checks  of  the  calibration  should  be  made  by  determin^  one  of 
the  standards  in  the  photoelectric  colorimeter.  If  the  change  is 
very  great,  the  colorimeter  should  be  re-calibrated. 


TABLK  VI 


CALIBRATION  A :.D  INDICATOR  LOT 


Indicat 

or  Lot  No. 

p.p.zai-* 

1 

L* 

3 

4 

0*0 

39.7 

38.5 

40.1 

44.3 

0.2 

43.6 

42.5 

44*6 

48.6 

0.4 

48.9 

46.8 

49.8 

53.9 

0.8 

55,6 

53.4 

56.8 

60.7 

0.8 

62.9 

60.4 

64.5 

67.3 

1.0 

70.5 

67.9 

71,6 

74.4 

1.2 

76.8 

74.9 

78.3 

81.0 

1.4 

. . . - . -  - 

81.8 

79.5 

83.6 

84.2 

f.O 


I 


■  ■ 


. 


' 

. 


. 

. 


' 

’ 
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TABLE  VIII 


The  Sulfate  Correction  Chart. 


F~  present  p.p»ia»  sulfates  added 


,p,m. 

200 

600 

1000 

1600 

2400 

2800 

3200 

F"  found  in  j 

p.p.m. 

0,0 

0.1 

0,2 

0.3 

0, 5 

0,6 

0.7 

0.8 

0.2 

0,3 

0.4 

0. 5 

0.7 

0.8 

0,9 

1.0 

0.4 

0.5 

0.6 

0.7 

0.9 

1.0 

1.1 

1.2 

0.8 

0.7 

0.6 

0.9 

1.1 

1.2 

1.3 

1.4 

0.8 

0.9 

1.0 

1.1 

1.5 

1.4 

1.6 

1.0 

1.1 

1.2 

1.3 

1.5 

1.2 

1.3 

1,4 

1.5 

1.4  1.5 
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The  concentration  of  fluorine  found  is  converted  to  the  concentra¬ 
tion  of  fluorine  present  by  referring  to  figure  7  and  read  inf  the 
true  fluorine  content  from  the  ordinate  which  crosses  the  nearest 
sulfate  concentration  line.  Corrections  ©re  generally  0.1  p.p.m* 
for  every  300  p.p.r..  of  sulfate  ion  present  in  excess  of  the  concentr¬ 
ation  of  sulfate  ion  added  as  KgSO^  for  the  lower  amounts  of  fluoride 
and  approximately  400  p.p.r.  sulfate  requires  a  0.1  p.p.m,  fluoride 
correction  for  the  higher  concentrations  of  fluorine. 

The  tetrahydroqu inane  method  for  sulfate  determination  as  out¬ 
lined  in  Betzs  "handbook'  of  Industrial  Water  Conditioning”,  1945, p. 145, 
is  used  for  the  determination  of  sulfate  Ion,.  The  sodium  salt  of 
t  etre^Jhy  dr oqu iron®  is  yellow  in  the  neutral  ethanol-water  solution 
.and  turns  a  rose-red  in  the  presence  of  an  excess  of  barium  ion# 

A  standard  BaClg  solution  is  added  to  the  unknown  sulfate  solution 

r  '  .  H  1 1 

and  the  endpoint  of  the  titration  is  a  change  from  yellow  to  red. 

A  blank  should  always  be  run# 

Inter fer inf  Ions 

According  to  Scott’s  original  method,  any  method  of  fluorine 
determination  Involving  the  decolorizing  of  a  lake  should  include  a 
check  on  interfering  ions*  he  found  that  up  to  250  p.p#r,  sulfate, 
the  higher  concentration  of  sulfate  added  aa  sulfuric  acid  minimized 
the  effect  such  that  no  correction  was  necessary.  Every  100  p.p.m. 
of  sulfa  to  in  excess  of  this  caused  an  apparent  increase  of  0.05  p.p.r,. 
fluorine.  The  writer  of  this  paper  1ms  found  a  correction  of  0.1 
p.p. •  .  fluorine  necessary  at  200  p#p»&#  of  sulfate  and  300  p .p.m,  of 
sulfate  was  necessary  to  cause  an  apparent  increase  in  fluorine 
content  of  0.1  p. p.m.  This  is  lower  than  that  found  by  Scott. 

The  Interference  of  chloride  is  greatly  suppressed  by  the  addition 


of  E  Cl  (2) 
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Taylor  and  Frazier  (29)  studied  the  effect  of  phosphates  on  the 
colorimetric  determination  of  fluorine  and  found  the  interference 
greater  with  metaphosphates  than  with  orthophosphates.  Since  ofcfch- 
ophosphates  are  met  with  more  frequently  in  water  than  other  phos¬ 
phates  we  shall  now  use  the  term,  phosphate,  when  referring  to  orth¬ 
ophosphate.  The  interference  decreases  with  the  increasing  hardness 
of  water,  probably  due  to  the  action  of  calcium  and  magnesium  with 
the  phosphates. 

The  Effect  of  Phosphates. 

It  is  well  known  that  phosphates  interfere  with  the  determination 
of  fluorides  in  all  of  the  reported  colorimetric  and  volumetric  methods. 
(?),  lost  natural  waters  do  not  contain  sufficient  phosphate  to  inter¬ 
fere  but  foods  contain  phosphate  in  greater  amounts  and  the  separation 
of  phosphate  from  the  fluoride  becomes  necessary  for  accurate  fluorine 
d©  t e  rmina t ions . 

The  phosphates  and  fluorides  can  be  separated  by  distilling  with 
perchloric  acid  when  organic  material  is  absent  (36).  When  organic 
material  is  present  it  has  been  found  necessary  to  carry  out  two 
separate  distillations  in  order  to  separate  the  phosphate  and  fluoride. 
The  first  distillation  is  carried  out  with  concentrated  sulfuric  acid? 
this  distillation  is  followed  b  a  distillation  with  perchloric  acid(8). 
These  distillations  require  special  apparatus  and  are  very  time  con¬ 
suming*  A  much  quicker  method  for  the  determination  of  fluorine  in 
the  presence  of  phosphate  is  required* 

It  was,  therefore,  decided  to  investigate  the  effect  of  phosphate 
on  the  Scott  modification  and  observe  whether  or  not  a  correction 
chart  si  ilar  to  that  obtained  for  sulfates  could  be  obtained  for 
phosphates •  *t  is  well  known  that  soluble  zirconium  salts  form  a 
precipitate  with  phosphate  ion  that  is  insoluble  in  acid  solution. 
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Phosphates  are  reported  to  inter  fere  with  the  bcott  modification  when 

present  in  concentrations  as  low  as  1  p.p.m. 

Known  amounts  of  phosphate  were  added  to  standards  prepared  as 
before  and  their  apparent  fluorine  content  determined  by  the  method 
of  Scott  using  the  photoelectric  colorimeter.  The  results  are  given 
in  table  IX.  The  phosphate  was  added  as  potassium  dihydrogen  phos¬ 
phate,  c , p . ,  which  had  been  dried  over  P2°5» 

1.43  grams  of  KH2PC>4  were  dissaved  in  one  litre  of  water  to  give 
a  stock  solution  of  phosphate  containing  1000  p.p.m,  FO4  *  ore 
dilute  solutions  vtrere  obtained  in  the  same  manner  as  that  used  for 
standard  fluorine  solutions. 

From  table  IX  it  can  be  observed  that  no  correction  is  neces¬ 
sary  ntil  one  has  added  2  p.p.m  of  phosphate  ion,  Ifken  the  con¬ 
centration  of  fluoride  is  small  (0.0  -  0.2  p.p, ru )  the  interference 
of  phosphate  is  more  marked  than  when  the  concentration  of  fluoride 
is  in  the  range*  0.2  -  0.8  p.p.m,  The  interference  of  phosphate 
again  becomes  more  marked  after  the  concentration  of  fluoride  be¬ 
comes  greater  than  0.8  p.p.r • 

The  Scott  method  is  quite  good  up  to  4  p.p.m,  of  phosphate  and 
the  correction  chart  can  be  used.  The  effect  of  phosphate  has  been 
found  to  be  somewhat  erratic  at  different  tires.  The  deter  irntion 
of  fluoride  in  a  sample  containing  very  much  phosphate  should  never 
be  taken  on  only  one  sample. 

Since  phosphates  interfere  with  fluorine  determinations;  a 
rapid,  accurate  method  for  the  determination  of  phosphates  is  of 
prime  importance  in  this  work,  A  rapid  photoelectric  colorimetric 
method  for  the  determination  of  phosphates  will  be  discussed  in 
Part  3  of  this  thesis. 

Fluorides  in  Edmonton  City  -Dome tic  Water  Supply 


The  fluoride  content  of  the  water  supply  of  the  City  of  Edmonton 


, 


Table  IX 

Chart  of  Phosphate  Interference 
F^present  p.p.m.  phosphate  added 


0.2 

1.0 

2.0 

4.0 

10.0 

15.0 

20.0 

30.0 

p.p.m 

F  found 

in  p.p, 

►  m. 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.3 

0.3 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.5 

0.4 

0.4 

0.4 

0,4 

0.4 

0.5 

0.4 

0.5 

0.7 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.7 

1.0 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.7 

0.8 

1.4 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0.8 

0.9 

1.2 

1.2 

1.2 

1.2 

1.2 

1.1 

1.0 

1.0 

1,4 

1.4 

1.4 

1.4 

1.3 

1.2 

1.1 

1.0 
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has  been  determined  periodically.  Determinations  have  been  made 
on  both  tap  water  and  water  directly  from  the  North  Saskatchewan 
River.  Determinations  have  been  made  using  the  Scott  modification 
by  photoelectric  means  and  visual  comparison.  The  findings  are 
given  in  table  X,  The  amount  of  phosphate  present  was  determined  by 
the  method  outlined  in  Part  3  of  this  report. 

TABI.il  X 

Fluorides  in  t d s  ont on  C  it y  V-'a ter. 


ethod  Used 

Oate 

Source  of 
Sample 

..... 

F” 

304-“ 

po4— 

corrected 

F“p,p,m. 

Photoelectric 

3/8/48 

Tapwater 

0.2 

112 

0.2 

V isual 

I6/2/6O 

Tapwater 

0.1 

172 

0.8 

0.1 

Visual 

16/2/50 

riverwater 

0.2 

161 

0.8 

0,2 

Phot oelectric 

23/3/50 

Tapwater 

0.1 

179 

0.7 

0.1 

Photoelectric 

23/3/50 

riverwater 

0.1 

154 

0.8 

0.1 

Conclusions 


1.  Both  the  Sanchis  and  Scott  modifications  are  applicable  to  the 
photoelectric  colorimeter. 

2.  Sulfates  do  not  interfere  in  the  determination  of  fluorides  by 
this  method  up  to  160  p.r.  .  but  when  sulfates  are  present  in 
quantities  greater  than  this,  every  300  p.p.m,  of  sulfate  causes 
an  apparent  increase  in  fluoride  concentration  of  0.1  p.p.m. 

3,  Phosphates  do  not  interfere  when  present  in  concentrations  less 
than  and  including  2  p.p.m.  They  interfere  only  slightly  when 
present  in  quantities  up  to  20  p.p.m.  The  effect  of  phosphates 

is  erratic  at  times  and  therefore  more  than  one  determination 
should  be  mad©  when  phosphates  are  present  to  ensure  good  results. 

4,  Scott*s  modification  has  the  following  advantages  over  the  Sanchis 


modification: 


•  »  ■  , 
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(a)  Only  one  reapent  is  required  instead  of  three  as  in  the  Sanchis 
method, 

(b)  The  Scott  method  is  much  quicker,  requiring  only  one  hour  as 
compared  to  overnight  for  the  Sanchis  method. 

5,  It  has  been  found  necessary  t o  re-calibrate  the  photoelectric  color 
rioter  each  time  a  new  lot  of  the  Scott  indicator  is  made  up. 

6.-  Better  results  are  obtained  by  the  Scott  modification  if  the  indica 
tor  is  allowed  to  stand  48  hours  after  preparation  before  it  is 
used.  When  this  is  done  a  calibration  may  last  for  two  weeks  but 
it  is  advisable  to  check  the  calibration  from  time  to  time  by  com-, 
paring  a  solution  of  known  fluoride  content  in  the  photoelectric 


colorimeter 


Part  3 


The  Determination  of  Small  Amount  cf  Phosphates 


53. 


v 


Introduction 

A  method  for  the  rapid  determination  of  small  amounts  of 
phosphates  is  of  prime  importance  in  this  research.  Phosphates 
interfere  greatly  in  all  the  existing  colorimetric  methods  for  the 
determination  of  fluorides  in  small  quantities. 

Under  suitable  conditions  molybdates  react  with  phosphates  to 
form  hetoropoly  compounds,  such  as  ammonium  molybdiphosphate , 


This  complex  after  controlled  reduction  to 


give  molybdenum  blue  serves  for  the  colorimetric  determination  of 
phosphorus.  The  procedure  must  be  carefully  controlled,  as  the  ex¬ 
cess  molybdate  reagent  itself  may  be  reduced  to  molybdenum  blue. 

The  nature  and  composition  of  the  material  obtained  on  reducing 
simple  molybdates  are  uncertain(lS) .  Low  concentrations  of  the 
reactants  yield  what  appears  to  be  a  solution,  but  some  workers  in¬ 
dicate  that  the  solution  is  colloidal  (17,20). 

The'  reduction  product  of  heteropoly  compounds  is  also  uncertain. 
Two  recent  authors  claim  that  the  phosphorus  in  the  molybdiphosphate s 

*  •  ‘fc* 

acts  only  as  a  catalyst.  (37), 

There  have  been  marry  reducing  agents  used  to  reduce  the  heter¬ 
opoly  complex.  Deniges  (s)  used  ch loro stannous  acid  under  conditions 
to  reduce  only  the  heteropc iy  acid.  Bell  and  Doisy  recommended 
hydroquinine  as  a  reductant  (5),  Fiske  and  Subbarrow  used  aminona- 


osulfonic  acid  as  a  reductant,  Feigl  ( 13)  used  benzidine  in 
asmoniacal  solution  as  a  reductant.  Tartaric  a  id  prevents  the  inter¬ 
ference  of  arsenates, 

^toloff  (27)  has  proposed  a  modification  of  the  Association 
Official  Agricultural  Chemical  method  (4),  which  he  states  gives  a 
stable  blue  color.  hQ  claims  that*,both  the  staoility  and  color  in¬ 
tensity  with  the  A.O.A.C.  method  are  greatest  when  the  final  jfti  of 


' 

‘ 


.. 

. 
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the  colored  sy stein  is  between  4.0  and  4.7,  and  recommends  the  use  of 
sodium  succinate  buffer  in  preference  to  sodium  sulfite  as  recommend¬ 
ed  in  the  official  method. 

After  examining  the  visual  colorimetric  methods  for  the  deter¬ 
mination  of  phosphates  recorded  in  the  literature  it  was  decided  to 
investigate  the  method  proposed  by  Stoloff  (25).  This  method  was  ch¬ 
osen  because  the  reagents  used  in  this  determination  appeared  to  be 
of  a  more  stable  nature  than  those  proposed  for  other  methods.  The 
method  proposed  by  Stolloff  has  been  changed  in  order  to  eliminate 
the  interference  of  snail  quantities  of  fluoride  ion. 

Preliminary  Experimental  Work 

A  Beckman  Model  3,  photoelectric  self-recording  spectrophoto¬ 
meter  was  used  to  obtain  transmission  curves  for  solutions  of  moly¬ 
bdenum  blue  of  different  hydrogen  ion  concentration,  A  description 
of  the  instrument  is  given  in  Gibb*  "Optical  Methods  of  Chemical 
Analysis".  The  optical  density  which  is  given  by  the  expression. 


d  -  log  1/T  where: 


d  s  optical  density 
T  -  transmittance  - 


It 


is  read  directly  from  the  instrument. 

The  transmission  data  for  the  solutions  enumerated  in  Table  XI 
were  obtained.  The  of  these  same  solutions  was  obtained  using  a 
Beckmann  Glass  ilectrode  meter.  The  color  of  each  of  the  solutions 
was  observed  visually.  The  total  volume  of  solution  prepared,  in 
each  case,  was  100  ml. 


. 
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Ta -ile  XI 


The  ffh  and  Vim  al  € a  I  or  of  the  Tra.ia  .iosion  Solutions. 

Solution  Ho.  p . p.m.  P0/;. _ of  Buffer  ml,  of  molybdate  1,  of  ftii  Color 

hydroquin  one 


1 

2.5 

8 

8 

8 

4.9 

blue 

2 

2.5 

6 

8 

8 

4.6 

blue 

3 

2.5 

5 

8 

8 

4.3 

t  lU  G 

4 

2.5 

4 

8 

8 

4.0 

blue 

5 

2.5 

2 

8 

8 

2.3 

green 

6 

2.5 

0 

8 

8 

2.2 

green 

The 

iranst 

mission  data  obta i no d 

from  the  above  solutions  are  given 

in  table 

XII. 

The  curves  obtained 

by  plotting 

optical  density 

again- 

st  the  wavelength  in  millimicrons  ere  shown  in  Fig* 8. 

Table  XII 


The  Transmission  Data  for  m. olybdenu ei  Blue, 


have  length 

Optical 

Dens it i 

V) 

illi  lor  oris 

pE  4.9 

pH  4.6 

pi  4.3 

pH  4.0 

pH  2.3 

p  .2.2 

400 

0*125 

0.112 

0.117 

0.109 

0.131 

0.153 

425 

0.065 

0.065- 

0.061 

0.072 

0.092 

440 

0.051 

0.052 

,06 

450 

0.060 

0.048 

. 

0.048 

0,048 

0.058 

460 

0.053 

0.043 

0.055 

465 

0.053 

470 

0.051 

0,044 

0*0  9*3 

476 

0.055 

0.057 

0.056 

0.053 

500 

0.085 

0.073 

0.074 

0.071 

0.050 

525 

0.082 

0.086 

0.078 

0.061 

0.060 

550 

0*10  0 

0.090 

0.089 

0.085 

0.062 

0.068 

575 

0.093 

0.097 

o.oso 

0.067 

0.076 

’  600 

0.120 

0. 106 

0.105 

0.099 

0,075  .... 

0.090 

625 

0.115 

0.116 

0,111 

0.083 

0.103  . 

650 

0. 145 

0.130 

0. 129 

0.126 

0.090 

0.114 

675 

0.133 

0.136 

0.130 

0,098 

0,123 

700 

0.155 

0.142 

0.144 

0.135 

0.102 

0.130 

725 

0.143 

C .  142 

0.132 

750 

0.140 

0.131 

0.130 

0.125 

no/r  /Din 


Vlave  length  m  fli/hmicrons 


. 

i,Aj  : 


' 


rib.: r-  +  : 


!-v-  - . 


. 

■ 

■ 


■ 


rf-H  tp 


rrtpj. 


36. 

Jiscuasion  of  the  bpoctr o\ -hot omotor  Curves 

From  the  careful  examination  of  the  curves  in  Fig.  8  it  will  be 
noted  that  the  curves  for  the  solutions  of  pH;  4.6,  4.3,  and  4.0,  are 
very  similar  for  all  wave  length®.  Therefore  it  was  considered  desir¬ 
able  to  use  5  ml.  of  buffer  solution  -  the  solution  of  p:  ,  4.3  in 
all  remaining  investigations.  This  is  the  median  of  this  most  stable 
color  range. 

From  the  examination  of  Table  XIII  it  will  be  noted  that  the 
solution  which  is  to  be.  examined  col  or imet r  1  ca  1  ly  should  be  in  the  pi 
range:  4.0  -  4.6,  In  order  to  ensure  that  the  final  solution  is  in 
this  pH  rang©  the  original  solution  should  be  made  just  acid  to  phenol- 
/iphthalien  using  a  dilute  solution  of  either  Ha 01?  or  if^SO^. 

The  curves  of  the  solutions  of  pH,  4,6,  4.3,  4.0,  indicate  that 
light  absorption  is  at*  a  minimum  at  450  -  468  millimicrons. 

The  following,  table  XIII,  shows  the  relationship  between  pH 
and  maximum;  for  molybdenum  blue. 


Table  XIII 


The  Relationship  between  pH 

and  Transmission  maximum, 

jeL. 

Transmission  Maximum 

4,9 

450 

4.6 

450 

4,3 

450  • 

4,0 

450 

2.3 

460 

2.2 

476 

^reparation  of  B ©agents 

1.  I  U  IigSO^s  28  r  1,  of  36  .  B  K2SO4  were  diluted  to  one  litre  and  cool¬ 
ed  to  room  temperature.  After  the  solution  had  cooled  to  room  tem¬ 
perature  the  volume  was  again  made  up  to  room  temperature. 

2.  Ammonium  olybdate  Solution:  50  grams  of  arm  onium  molybdate  were 

dissolved  in  one  litre  of  1.  After  standing  for  two  hours 


' 
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the  solution  was  filtered  through  glass  wool  in  order  to  remove  any 
insoluble  materials, 

3,  Sodium  Succinate  Buffer t  36,5  grams  of  succinic  acid  and  24,7  grams 
of  haOE  were  dissolved  in  250  ml,  of  distilled  water.  In  the  method 
outlined  by  Stoloff  a  solution  of  pure  sodium  succinate  was  used* 

4,  Hydroquinone  Solutions  5  grams  of  hydroquinone  were  dissolved  in 
one  litre  of  distilled  water  and  made  slightly  acid  with  one  drop  of 
concentrated  sulfuric  acid, 

5,  Standard  Phosphate  Solution?  1,43  grams  of  KH'gPOg  were  weighed  out 
and  dissolved  in  exactly  one  litre  of  distilled  water.  This  gives  a 
solution  containing  1000  p, p.ru,  phosphate  ion. 

On©  hundred  ml,  of  the  above  solution  is  diluted  to  one  litre 
and  100  ml.  of  this  solution  is  again  diluted  to  one  litre,  giving  a 
solution  of  10  p,p,m.  phosphate  ion. 

Calibration  and  Op era t ion  of  the  Photoelectric  Colorimeter  for  the 

determination  of  Ihoaphate, 

The  hums© iron  photoelectric  colorimeter  was  used  with  a  narrow 
band  filter  of  465  millimicrons.  The  sample  holder  was  a  cylindri¬ 
cal  cell  with  a  volume  of  120  ml,  and  a  light  path  of  15  cr .  The  pro- 
cedars  for  determining  data  for  the  calibration  curve  is  outlined 
below. 

To  a  100  ml,  volumetric  flask  are  added  8  ml,  of  ammonium  moly¬ 
bdate  solution,  8  ml,  of  hydrequinin©  solution,  and  5  ml.  of  sodium 
succinate  buffer  and  the  volume  is  made  up  to  100  ml*  This  solution 
is  placed  in  the  sample  holder,  after  standing  for  1  hours.  The 

tvJrism/ss/on. 

slide-wire  is  set  at  lOO^e  and  the  galvanometer  is 

brought  to  zero  by  adjusting  the  angle  of  the  balance  photocell, 

A  series  of  standards  are  made  up  containing  2,5,10,15,20,25,30 
40,50  and  60  ml,  of  the  standard  KH2PO4  solution.  This  gives  a  set 
of  standards  containing  0,2, 0,5, 1.0, I, 5, 2*0, 2. 5,3.0, 4,0, 5.0  and  8,0 
p,p,  ,  of  phosphate  respectively,  bach  standard  is  made  up  as 


'  . 

. 


. 


follows *  'I ha  required  number  of  ml.  of  standard  phosphate  solution 
are  measured  out  into  a  ICO  ml.  volumetric  flask;  8  ml.  of  moly¬ 
bdate  solution  are  added;  8  ml.  of  hydroquinone;  5  ml.  of  sodium 
succinate;  the  flask  is  brought  to  the  mark  with  distilled  water. 

The  contents  of  the  volumetric  flask  are  thoroughly  mixed  after  the 
addition  of  each  reagent.  assuring  pipettes  are  used  to  make  all 
volume  measurements. 

The  standards  are  allowed  to  stand  for  L,  hours.  They  are  then 
transferred  to  the  colorimeter  and  the  percentage  transmission  for 
each  standard  is  recorded.  The  results  obtained  from  these  standards  are 
given  in  Table  XVI, 

Samples  of  known  phosphate  content  ranging  from  0,0  p.p.m,  to 
6,0  p.p.ra.  phosphate  were  made  up  and  treated  according  to  the  proc¬ 
edure  to  ba  detailed.  Four  runs  were  made  of  each  concentration  and 
th®  slide  wire  readings  averaged.  The  averaged  results  are  given  in 
Table  XIV,  A  plot  of  percentage  transmission  vs.  phosphate  concentration  in 
p.p.  v,  gives  the  call -'ration  curve  for  converting  percentage  trans¬ 
mission  to  p.p.m.  phosphate  is  shown  in  fig.  9. 


Table  XIV 

The  Teroentapw  Transmission  for  Phospi  ate  Solutions, 
t. p,  • . ■>  ore ?e  Transmission  l«og^  force ntage  Transmission 


0.0 

100 

2.00 

0,2 

91.1 

1.96 

0,5 

80.7 

1.91 

1.0 

66.1 

1.82 

1.5 

54.0 

1.73 

2.0 

44.1 

1.64 

2.5 

35.8 

1,56 

5.0 

29.4 

1.47 

4.0 

19.8 

1.30 

5.0 

13.3 

1.12 

6.0 

8,9 

0.95 

The  curve  obtained  by  dotting  percentage  transmission  vs.  the  p.p.m. 


phosphate  is  hyperbolic  in  nature  and  appears  to  follow  very  closely 
-ear’s  Law.  In  order  to  confirm  this  a  grapl  was  constructed* 
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plotting  log^,  P«*0«ntftge  transmission  vs.  p.,  ,  .  phosphate.  On 

examination  of  fig*  10  it  is  observed  that  the  curve  is  a  straight  line 
The  system,  therefore,  follows  Beer’s  law  between  0*0  p. p*t:.  phosphate 
and  6,0  p*p*m,  phosphate*  hence  the  calibration  curves  may  be  obtain¬ 
ed  by  using  fewer  standards  than  the  number  originally  used. 

The  order  of  mixing  is  critical  in  the  colorimetric  determination 
of  phosphates  as  outlined  above.  If  the  buffer  is  added  immediately 
after  the  addition  of  the  molybdate  solution  no  color  is  developed  on 
the  addition  of  hydroquinona.  Therefore,  it  is  essential,  that  the 
order  of  mixing  outlined,  be  followed. 

Whan  the  molybdate  solution  is  added  to  the  standards  a  yellow 
suspension  is  formed.  On  the  addition  of  hydr oquinone  solution  to  this 
suspension  a  green  color  develops.  This  green  color  changes  to  a  blue 
on  the  addition  of  the  sodium  succinate  buffer.  It  is  difficult  to 
determine  whether  this  blue  solution  is  a  true  solution  or  a  colloid¬ 
al  suspension, 

Readings  were  taken  on  some  of  the  standards  after  standing  in 
the  colorimeter  for  fifteen  minutes  from  the  time  of  the  calibration 
readings  ( 1  hours)  and  no  change  was  detected  which  was  larger  than 
the  experimental  error,  A  set  of  standards  was  made  up  and  run  through 
the  colorimeter  immediately  after  their  formation.  The  results  ob¬ 
tained  agree  within  0.1  phosphate  when  the  1  Lour  calibration 

curve  was  used  to  determine  the  p*p.n,  phosphate  found.  Another  set 
of  standards  was  allowed  to  develop  for  four  hours  and  than  compared 
in  the  colorimeter.  They  also  mavo  results  within  0, l  p.p.  .  when 
compared  with  the  readings  obtained  in  the  initial  1.  hour  calibration. 
See  Table  XV  for  these  results.  Therefore,  if  an  accuracy  of  0,1  p.p. 
phosphate  is  all  that  is  required  the  readings  may  be  taken  im¬ 
mediately  or  up  to  four  hours  from  the  time  of  the  development  of  the 

3 
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color  to  be 

measured.  This  accuracy 

is  suitable  for  the  determination 

of  phosphate 

i  ion 

in  conjunction  with 

the  determination  of  fluorides  in 

small  quantities. 

Table  XV. 

The  affect 

of  Tim®  on  the  Transmission  of 

olybdenur  Blue. 

p.p.  • 

Percentage  Trans  lesion  [ 

.  p  *  . 

■■  bJT  Percentage  Trans:  isaion  , 

,  .  .  *  0 

on  Immediate-  fixing 

found 

after  4  hours 

Found 

0.0 

100 

0.0 

100 

0.0 

0.2 

89. 9 

0.2 

89,7 

0.2 

0.5 

BO.  8- 

0.5 

81.2 

0.8 

1.0 

65.5 

1.0 

66.1 

1.0 

1.5 

53.1 

1.5 

55.2 

1,4 

2.0 

42.2 

2.1 

45,3 

1.9 

2.5 

34.7 

2.5 

37.3 

2.4 

3.0 

28*7 

3.0 

30,2 

2.9 

4.0 

18.6 

4.1 

21,0 

3,8 

6.0 

12.4 

5.1 

14.6 

4.8 

6.0 

8.4 

8,0 

9.5 

5.8 

The  stability  of 

the  Reagents. 

The  hydroquinon®  solution  deteriorates  with  time.  The  hydro- 
quinon®  solution  turns  brows  after  a  month  and  it  is  therefore  recom¬ 
mended  that  a  new  solution  be  prepared  every  week. 


The  sodium  succinate  buffer  is  stable  and  may  be  used  for  at 
least  two  months. 

The  molybdate  solution  turns  blue  gradually  and  it  is  recommend¬ 
ed  that  a  new  solution  of  ammonium  molybdate  be  made  up  every  wee!:. 

The  blank  should  be  checked  every  day  end  if  there  is  any  change  the 
balance  photocell  should  be  reset  so  as  to  have  the  blank  read  100# 


transmission, 
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The  Effect  of  Fluorides  on  the  Determination  of  Phosphates 

Fluoride  ions,  even  if  present  in  very  low  concentrations,  pro¬ 
duce  an  interference  in  the  molybdenum  blue  reaction  (3?),  which  is 
used  extensively  for  determining  small  amounts  of  phosphate. 

Fluorides  form  a  complex  fluohoric  acid  with  borates.  Therefore, 
it  was  decided  to  investigate  the  effect  of  borates  on  the  Scott 
method  for  determining  fluorides  and  observe  whether  the  fluoride  and 
phosphate  effect  rn  the  indicator  could  be  isolated  from  each  other. 
Known  amounts  of  borate  were  added  to  solutions  containing  a  constant 
amounts  of  fluorine  and  their  apparent  fluorine  content  determined, 
by  the  method  of  Seo  t,  using  the  photoelectric  colorimeter.  The 
results  are  given  in  Table  XVI*  The  borate  u  s  added  as  boric  ©old 
e.p. 

Twenty  gratis  of  were  dissolved  in  one  litre  of  distilled 

water  to  give  a  stock  solution  containing  19,000  p.p.m.  borates. 

From  table  XVI  or#  may  observe  that  borates  do  not  interfere 
w’r  en  added  In  concentrations  up  to  286  p.p.m.  It  can,  therefore, 
be  concluded  that  the  Scott  method  can  be  used  for  determining  fluo- 

bor&ta  ion  as  well  as  fluoride  ion. 

Table  XVI 

The  affect  of  ■■orates  on  the  :-cott  cthod, 

p.p.m.  50^  p.p.m.  F~  added  y.p.m.  F~  found 


48 

0.0 

0.0 

95 

0.0 

0.0 

143 

0.0 

0.0 

286 

0.0 

0.0 

48 

1.4 

1.4 

95 

1.4 

1.4 

143  . 

1.4 

1.5 

286 

1.4 

1.4 

Fluoride  removal  is  unnecessary  when  boric  acid  is  added  to  the 
fit  pride  containing  aliquot  before  the  phosphate  determination  is 
made.  The  boric  acid  forms  fluobcrate  ^on  aa<^  ^ence  prevents  the 
interference  by  fluoride  ion  (16). 


' 
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A  few  solutians  of  constant  phosphate  content  and  varying 
fluoride  content  were  developed  and  run  through  the  colorimeter. 

On  examining  table  XVII  one  will  observe  fluorides  produce  a  posi¬ 
tive  interference  on  the  determination  of  phosphates,  bven  very- 
low  concentrations  cause  some  interference. 

1  abb  XVII 

Fluoride  Interference  in  Phosphate  Deter,  i na tion 

P. o.r .  P~  p.  p.m.POa  Percents ge  Iransr-1 s s ion  p.p.ro.  PQ^  found 


0.0 

1.0 

65.7 

1.0 

0.2 

1.0 

65.6 

1.0 

0.5 

1.0 

65.7 

1.0 

1.0 

1.0 

64.3 

1.0 

2.0 

1.0 

61.2 

1.2 

3,0 

1.0 

56.8 

1.3 

0.0 

2.5 

35.2 

2.5 

0.5 

2.5 

33.7 

2.6 

1.0 

2.5 

33.2 

2.7 

1.5 

2.5 

32.5 

2.7 

2.0 

2.5 

30.5 

2.8 

The 

Effect  of  Borates 

on  the  B@teri 

ni nation  of  Phcspha* 

Applied  to  the  photoelectric  Colorimeter 
Boric  acid  forms  flu ob orate  ion  with  fluoride  ion  and  there¬ 
fore  prevents  the  interference  by  fluoride  ion  (16). 

A  few  solutions  of  constant  phosphate  concentration  and  vary¬ 
ing  borate  content  were  developed  and  run  through  the  photoelectric 
colorimeter.  It  was  found  that  borates  do  not  interfere  (see  table 
XVIII). 
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Table  XVIII 

The  Effect  of  Borates  on  Phosphate  Determination, 

____  fercents^e.  Transmission  ___ 

p.p.m,  B0~~~  p.p.  .  P0^“~  wadd-ng  p.p.m. F04  found 


98 

2.5 

35.0 

2.5 

195 

2.5 

35,1 

2.5 

390 

2.5 

35.4 

2.5 

The  Elimination 

of  the 

Interference  of  F~  on  the 

Color i 

Determination  of  PQ^”" 

In  order  to  determine  whether  or  not  boric  acid  is  efficient  in 
eliminating  the  interference  of  fluorides  in  the  determination  of 
phosphates  a  set  of  standards  iwSro  made  up  as  detailed  in  the  method 
outlined  for  obtaining  the  calibration  curve  with  the  exception  that 
a  known  amount  of  fluoride  and  boric  acid  were  added  before  any  of 
the  color  forming  reagents  were  added  to  the  phosphate  solution. 

It  is  essential  that  the  boric  acid  be  added  to  the  sample  orstand- 
ard  before  the  addition  of  the  color  forming  reagents  -  molybdate 
solution,  hydroquinone  solution,  and  the  sodium  succinate  buffer. 

The  fluoride  ion  was  added  as  sodium  fluoride  and  the  borate 
was  added  as  boric  acid.  The  same  solutions  of  boric  acid  and 
sodium  fluoride,  as  already  described,  were  used.  Two  millilitres 
of  the  boric  acid  (20  gm*  per  litre)  solution  is  equivalent  to  300 
p.p.m.  of  boric  acid. 

The  following  is  a  tabulation  of  the  results  obtained  when  1.0 
p.p.m,  of  fluoride  are  present: 


. 

.  ... 


. 

. 

' 


. 


.  . 


. 
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Table  XIX 

Borates  in  Eliminating;  Fluoride  Interference 


p.p.m.  P0“" 

‘“added  p.p.  .  B0~ 

p.p.m. 

F~ 

ore outage 

p.p.m.  PO^  found 

Transmission 

0.2 

390 

1.0 

91.6 

0.2 

0.5 

390 

1.0 

81.7 

0.5 

1.0 

390 

1.0 

66.9 

1.0 

1,5 

390 

1.0 

54.4 

1.5 

2.0 

390 

1.0 

44.7 

2.0 

2.5 

390 

1.0 

36.3 

2.5 

3.0 

390 

1.0 

29.8 

3.0 

4.0 

390 

1.0 

20.1 

4.0 

5.0 

390 

1.0 

14.0 

4.9 

6.0 

390 

1.0 

9.1 

5.9 

The  p.p.m. 

P0“  found  is  obtained  from  the  calibration  curve  (figure  9) 

In  order  to  determine  whe-frer  this 

amount  of  borate  was  sufficient 

to  tie  up  the  maximum  amount 

of  fluoride  that  can 

be  determined  by  the 

Scott  modification  without  dilution 

the  following 

solutions  were  com- 

pared  in  the  colorimeter. 

Table 

XX 

p.p.m.  POX’ 

"“added  p. p.m. SOg 

p.p.m. 

,  F“ 

Percentage 

p.p.m, POJ “ ~f ou nd 

Transmission 

0.2 

390 

1.4 

91.7 

0.2 

1.0 

390 

1.4 

66.5 

1.0 

2.5 

390 

1.4 

36.5 

2.4 

5.0 

390 

1.4 

13,8 

5.0 

Therefore,  it  may  be  observed  that  390  p.p.m,  of  borate  is  sufficient 
to  tie  up  the  maximum  amount  of  fluoride  that  can  be  determined  by  the 
Scott  modification  for  determining  fluorides. 
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Conclusions  and  Results 

1.  The  method  proposed  by  Stoloff  for  the  determination  of  phos¬ 
phates  has  been  found  applicable  to  a  photoelectric  colorimeter. 
Phosphates  may  be  determined  in  the  range  0,0  to  6.0  p.p.m,  by 
this  method  when  a  150  mm,  absorption  cell  is  used.  When  phos¬ 
phates  are  present  in  greater  quantities  than  this  the  sample  will 
have  to  be  diluted. 

2.  The  method  is  accurate  to  0.1  p.p.m.  of  phosphate  ion. 

3.  B’luorides,  when  present  even  in  very  small  quantities  interfere 
with  this  method  of  phosphate  determination. 

4.  The  interference  of  fluorides  may  be  eliminated  by  the  addition 
of  boric  acid  to  the  sample  before  any  of  the  color  forming 
reagents  are  added. 

5.  In  the  development  of  the  standards  and  samples  the  order  of 
addition  of  the  reagents  is  critical.  They  are  to  be  added  as 
follows*  1.  molybdate  solution. 

2.  hydroqulnon©  reagent 


3.  sodium;  succinate  buffer 


...  .  . 

. 

. 
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